10/565991 

IAP9Rec'(lf>Crfro 2 4 JAN W 



23484 PC 



State of New York ) 

) ss; 
County o£ the Bronx ) 



TRANSLATOR'S AFFIDAVIT 

1/ Herbert Dubno, a citizen of the United States of 
America, residing in Bronx (Riverdale) , New York, depose and state 
that: 

I am familiar with the English and German languages; 

I have read a copy of the German- language document 
attached hereto, namely PCT Application PCT/DE2004/001645 published 
as WO 2005/012892; and 

The hereto -attached English- language text is an accurate 
translation of the edDove- identified Germcui- language docx 




Sworn to and subscribed before me 
UMOABERWOS yf 9 J^uary 2006 



fpuWic State 01 Nf^o^ 




^»^S22.-^ - "otary Public 



. . ia/§6599i 

WPS Rec'd PCHPTO 2 4 J AM 2HB' 

23484 PCT/DE2004/001645 Transl. Of WO 2005/012892 



TRANSLATION 



GAS SENSOR AND METHOD OF MAKING SAME 



The present invention relates to a gas sensor and a 
method of making sbsshb. 

5 Semiconductor gas sensors are known in various 

configurations for gas detection. These gas sensors are used in 
safety systems in industry and in the last several years 
increasingly in the automotive field where gas sensors are employed 
for example for the automatic control of ventilation flaps to 

10 prevent the incursion of toxic gases into the vehicle interior* 

The known gas sensors have a gas sensitive layer which, 
upon contact with reducing or oxidizing gases, undergoes a change 
in the surf ace conductivity and thus the electrical resistance. 
These resisteudce changes are evaluated by means of a suitable 

15 evaluation or electrode structure for measured signals. The 

operating temperature of such gas sensors, which can amount for 
exeunple to several hundred ^C, are produced by an integrated 
heating structure which is frequently in the form of a meander. To 
set the operating temperature of the gas sensor and to monitor it, 

20 at least one teiqperature measurement resistance is provided in the 
region of the heating structure. 

The gas sensitive layer comprises as a rule a 
semi conductive metal oxide like SnOs or WO3. The selectivity for 
individual gases is enabled by a doping of the gas sensitive layer 
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with corresponding doping materials and by the choice of the 
operating temperature. 

Since the specific resistance of the gas sensitive layer 
is very high, the evaluating or electrode structure as a rule is 

5 comprised of an interdigital structure (IDT; Xnterdigitated 

Transducer) which comprises two coplanar, comb- shaped or finger 
like electrodes which interdigitate with one another. This 
configuration corresponds to a parallel circuit of resistances 
between the individual fingers of different polarity which results 

10 in a decreased measurement resistance and an increase in the 

sensitivity of the gas sensor. 

Many of the known gas sensors are micromechanically 
constructed on the basis of membrane sensors with a semiconductive 
substrate. Because of the arrangement of the heating structure, 

15 evaluating or electrode structure and the gas sensitivity layer on 

a membrane, the thermal capacity of the system is reduced which 
brings eUpout a reduction in the power consuioption of the gas 
sensor. 

In the production of such gas sensors, initially the 
20 heating structure, the evaluating structure [electrode structure] 
and optionally a temperature measurement resistance in the region 
of the heating structure are applied to the membrane. The upper 
side of the membrane is formed with an adhesion promoting layer, as 
a rule an oxide layer, in order to insure effective adhesion of 
25 these structures to the membrane. Then, a cover oxide layer is 
deposited and by an oxide etching with the aid of an etching 
solution is removed on a wide area basis in the region of the 
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evaluating structure up to the surface of the evaluating structure 
and the gas sensitive layer is applied thereto. 

In order to insure that the entire surface of the 
evaluating structure has been freed from the covered oxide and can 
provide a full-surface contact with the gas sensitive layer, the 
oxide etching of the cover oxide is carried out as a rule for an 
excess etching. In that case, however, there is the danger that an 
unetching of the evaluation structure can arise in which the etched 
solution can etch away the oxide of the adhesion promoting oxide 
layer even below the evaluation structure and even without this 
layer in part. This can result in a reduction in the adhesion of 
the evaluation or electrode structure to the membrane so that the 
evaluation or electrode structure in the course of the life of the 
gas sensor will partly separate from the membrane and such that its 
reliability can no longer be insured. 

A further problem which can arise is that the resistance 
value of the evaluating or electrode structure and especially that 
of the heating structure can vary over the life of the sensor. 
This detrimental affect on the gas sensor is referred to as 
electrical "drift" and can be the result of a thermal stressing 
since the gas sensor in operation is permanently cycled between two 
working temperatures. This can lead to material transformations 
within the structure, for example, to a migration of grain 
boundaries or a growth of crystallites which are connected with 
resistance changes. The electrical drift arises especially with 
gas sensors used in the automotive field since here there is a 
sharply varying change in temperature between for example -30^ to 
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+150*^C, depending upon gas sensor applications and which 
contributes to additional thermal loading. 

With respect to the evaluation or electrode structure 
which measures very high resistance values (in the MQ range), the 
resistance variation may be negligible. For the heating structure, 
however, the resistance variation gives rise to a variation in the 
heating power and thus the operating temperature of the gas sensor. 
The s€uae applies to the temperature measuring resistance which 
suffers changes and is located in the region of the heating 
structure so that the exact temperature of the gas sensor may no 
longer be determinable. 

As a consequence, the electrical draft represents a 
limitation on reliable and stable functioning over the life of the 
gas sensor. The gas sensors can, of course, be replaced at certain 
time intervals or calibrated, but these solutions are associated 
with very high cost. Especially in the automotive field, this 
approach is not practical. 

The object of the present invention is to provide an 
improved gas sensor which is characterized by a reliable function 
and a corresponding method of making it. 

This object is achieved with a gas sensor according to 
claims 1 or 3 or by a method according to claims 10 or 12 . Further 
advantageous embodiments are given in the dependent claims. 

According to the invention, a gas sensor of the type 
described at the outset having a membrane layer formed on a 
semiconductor substrate and upon which a metallic evaluating or 
electrode structure is arranged in an evaluating region and a 
metallic heating structure is arranged outside the evaluating 
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region and having a gas sensitive layer arranged above the 
evaluating or electrode structure and the heating structure and in 
which the heating structure is provided on an adhesion promoting 
oxide layer on the surface o£ the membrane layer and is separated 

5 from the gas sensitive layer by a cover oxide layer, is formed in 
the evaluating region with an adhesion promoting layer between the 
membrane layer and the evaluating or electrode structure which is 
insensitive to oxide etching. By the use of this latter adhesion 
promoting layer in the evaluating region instead of the 

10 conventional adhesion promoting oxide layer, the danger of 

underetching of the evaluating or electrode structure during the 
oxide etching of the cover oxide layer is avoided during the 
production of the gas sensor and a permanent adhesion of the 
evaluating or electrode structure to the membrane layer and thus 

15 reliable functioning of the gas sensor is insured* In an 

embodiment relevant to actual practice, the adhesion promoting 
layer is structured in correspondence with the evaluating or 
electrode structure to suppress detrimental parallel parisitic or 
surface currents over the adhesion promoting layer which, for 

20 example, can arise with semiconductive adhesion promoting layers. 

According to the invention, in addition, a gas sensor 
having a membrane layer formed on the semiconductor substrate and 
on which a metallic evaluating or electrode structure is arranged 
in an evaluating region and a metallic heating structure is 

25 arranged outside the evaluating region and a gas sensitive layer is 
arranged above the evaluating or electrode structure and the 
heating structure and in which the heating structure is disposed on 
an adhesion promoting oxide layer on the surface of the membrane 
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layer and is separated by a cover oxide layer from the gas 
sensitive layer, has the evaluating or electrode structure in the 
evaluating region, like the heating structure, separated from the 
gas sensitive layer by the cover oxide layer provided with contact 

5 holes which leave respective intermediate regions of the surface of 
the evaluating or electrode structure free so that a direct contact 
can be formed between the evaluating structure or electrode 
structure and the gas sensitive layer. 

This construction of a gas sensor as well insures 

10 reliable functioning since, in the production of the gas sensor, 
contact holes are etched in the cover oxide layer which 
respectively only expose a central region of the surface of the 
evaluating or electrode structure so that the adhesion promoting 
oxide layer beneath the evaluating structure is not attacked during 

15 the oxide etching of the covered oxide layer and thus insure the 

effective bonding of the evaluating structure to the membrane 
layer • 

Since the applied gas sensitive layer undergoes in the 
production of the gas sensor a sintering process and as a result 

20 especially at transition regions between the surface of the 

evaluating or electrode structure covered by the cover oxide layer 
and the surfaces eacposed through the contact holes, different 
thermomechanical stresses can arise which can result in 
transformation of material within the evaluating or electrode 

25 structure or even a partial tearing apart of the evaluating or 

electrode structure, the cover layer in a preferred embodiment is 
comprised of a stoichiometric oxide at least in the evaluating 
region of the evaluating structure. This stoichiometric oxide. 
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which has a poorer bond to the evaluating structure than one with a 
reduced oxygen component and thus a substoichiometric oxide, 
couples reduced thermal stresses into the evaluating structure and 
thus affords a greater mobility so that material transf onoations 
within the evaluating or electrode structure have less effect 
during sintering processes than would otherwise be the case. 

According to a further highly preferred embodiment, the 
cover oxide layer is comprised at least in the region of the 
heating structure and of the optional temperature measurement 
resistance, of a substoichiometric oxide to produce a relatively 
good bond of the cover oxide layer to the heating structure and the 
tenqperature measuring resistance. As a result, the problem 
attacked above of the electrical drift of the heating structure and 
the temperature measuring resistance, is resolved in that the 
material transformations resulting from the thermal stress effects 
in operation of the gas sensor within the heating structure and the 
temperature measuring resistance are suppressed to enable a stable 
fiuctioning over the life of the gas sensor. 

According to a further aspect of the invention, a method 
of making a gas sensor is provided in which initially a 
semiconductor substrate is prepared and a membrane layer is formed 
on its front side and then a bond promoting oxide layer is 
deposited on the surface of the membrane layer. Thereafter, the 
bond promoting oxide layer is structured in order to provide an 
oxide free evaluation region on the membrane. Thereafter, a bond 
promoting layer which is not sensitive to oxide etching is applied 
to the front side of the semiconductor substrate and is removed 
outside the evaluation region. In a following step, the 
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metallization layer is applied to the front side of the 
semiconductor stibstrate which outside the evaluation region on the 
adhesion promoting oxide layer is structured into a heating 
structure and in the evaluation region on the bond promoting layer 

5 is structured into an evaluating structure or electrode structure. 
Subsequently, a cover oxide layer is applied to the front side of 
the semiconductor substrate and this is etched in the evaluation 
region on an area-wide basis in order to expose the surface of the 
evaluating structure* Thereafter, the backside of the 

10 semiconductive substrate is etched iintil the membrane layer is 

reached and then, finally, a gas sensitive layer is applied to the 
front side of the semiconductor substrate. 

With the aid of this method, the above described gas 
sensor with an adhesion promoting layer in the evaluation region 

15 can be made. With the additional adhesion promoting layer, an 

underetching of the evaluating or electrode structure is avoided 
during the oxide etching of the oxide cover layer so that a 
permanent adhesion of the electrode structure to the membrane layer 
and thus reliable functioning of the gas sensor can be insured. 

20 According to the invention, the method for making a gas 

sensor provides further that, at the beginning, a semiconductor 
substrate is prepared and on the front side of this semiconductor 
substrate a membrane layer is deposited and then configured with an 
adhesion promoting oxide layer on the outer surface of the mexnbrane 

25 layer. Then, a metallization layer is applied to the adhesion 
promoting oxide layer and this metallization layer is then 
structured to form a heating structure and an evaluating or 
electrode structure. In the next step, a cover oxide layer is 
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applied to the front side of the semiconductor substrate. 
Thereafter, contact holes are etched in the cover oxide layer to 
expose central regions of the surface of the evaluating or 
electrode structure. Thereafter, the backside of the semiconductor 
substrate can be etched away to reach the membrane layer and then a 
gas sensitive layer can be applied to the front side of the 
semiconductor stxbstrate. This method enables the production of the 
above described gas sensor with contact holes in the cover oxide 
layer. Since the contact holes are so etched that these only 
expose central or intermediate regions of the surface of the 
evaluating or electrode structure and the lateral regions of the 
evaluating or electrode structure remain covered by the cover oxide 
layer, an etching at the underside of the evaluating or electrode 
structure where the bond promoting oxide layer is provided can be 
avoided, guaranteeing an effective bond of the evaluating structure 
to the membrane layer and thus reliable functioning of the gas 
sensor. 

In a preferred embodiment, the gas sensitive layer is 
applied in a paste form and then sintered. Various doping agents 
can be introduced into the gas sensitive layer while it is 
initially in its paste form in ord.er to adjust the selectivity of 
the sensor for different gases. 

The invention is described in greater detail in 
connection with the figures. They show: 

FIG. 1 a schematic illustration of the gas sensor in a 

plan view. 

FIG. 2 a cross section of a first embodiment of the gas 
sensor according to the invention. 
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FIG. 3 a cross section of a second embodiment of a gas 
sensor according to the invention, and 

FI6. 4 a cross section of a third embodiment of a gas 
sensor according to the invention. 

FIG* 1 shows a schematic illustration of the structure of 
a gas sensor 1 known from the state of the art in a plan view. The 
gas sensor 1 has toward the outside, a substantially circular 
meander- shaped metallic heating structure 9 which can be supplied 
wit electrical energy by the feed lines 15. Within the heating 
structure is a metallic evaluating or electrode structure 7 of 
generally circular shape and which is also provided with electrical 
leads 14 . These structures 7 and 9 are arranged on a membrane 
layer (not shown) on a semiconductor sxibstrate whereby the heat 
capacity of the entire system and thus the power requirement of the 
gas sensor 1 is reduced. 

On the heating structure 9 and the evaluating structure 
7 a gas sensitive layer not shown in FIG. 1 is applied and which 
substantially covers the entire area delimited as te heating 
structure 9. The gas sensitive layer which can be brought to an 
operating temperature by the heating structure 9 of several 
hundred degrees Celsius, changes its resistance when contacted by 
reducing or oxidizing gases. This resistance change is evaluated 
as a measured change by the evaluation structure 7. Since the 
gas sensitive layer 7 as a rule has a very high resistance, the 
evaluating structure 7 is configured as an interdigital structure 
with two coplanar finger like electrodes interdigitating with one 
another. This configuration corresponds to a parallel structure of 
the resistances between the individual electrode fingers of 
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different polarity whereby the measureiaent resistance of the gas 
layer is reduced and the sensitivity of the gas sensor 1 is 
increased. 

To assure sufficient adhesion of the heating structure 9, 
the evaluating structure 7 and the feed lines 14, 15 to the 
membrane layer, the surface of the membrane layer is provided with 
an adhesion promoting oxide layer. 

To insulate the heating structure 9, between the heating 
structure 9 and the gas sensitive layer, a cover oxide layer is 
formed which extends further also over the feed lines 14, 15 to the 
contact or bonding surfaces of the feed lines 14 and 15 which have 
not been shown. In the production of the gas sensor, these cover 
oxide layers as a rule are applied on a wide area basis in a CVD 
deposition process (CVD = Chemical Vapor Deposition) to the heating 
structure 9 and the evaluating structure 7 thereby are already 
structured on the membrane layer, as well as to the feed lines 14, 
15. Thereafter the cover oxide layer 8 is removed on a wide area 
basis from the entire upper surface of the evaluating structure 7 
as indicated by the broken line circle in FIG. 1 to enable a 
contact of evaluating or electrode structure 7 with the later 
applied gas sensitive layer. 

The removal is effected as a rule by a wet chemical 
etching process in which for example hydrofluoric acid can be used 
as the etching solution. Since the cover oxide layer can have 
different thicknesses at different locations because of deposition 
inhomogeneity, the etching process is carried out for a super 
etching interval in order to ensure that the entire surface of the 
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evaluating or electrode 7 will be exposed in the evaluating region 
8 devoid of the cover oxide. 

The use of a superetching duration creates however a 
danger of underetching the evaluating or electrode structure 7 
since the etching solution used can reach the region between the 
electrode fingers of the adhesion promoting oxide layer below the 
evaluating structure and attack this layer in part. As a result 
the adhesion of the evaluating structure 7 to the membrane layer is 
reduced so that the evaluating structure 7 in the course of the use 
of the gas sensor can separate therefrom so that reliable 
functioning of the gas sensor can no longer be assured. To avoid 
the danger of underetching of the evaluating or electrode 7 various 
embodiments of a gas sensor can be provided according to the 
invention as described in greater detail with respect to the 
following figures. 

FIG. 2 shows a cross section of a first embodiment of a 
gas sensor according to the invention. The gas sensor la comprises 
for example a semiconductor substrate 2 which can be comprised of 
silicon and which is recessed at 21 and on which a membrane layer 3 
is formed. The membrane layer 3 is a layer sequence of an oxide 
layer 4 bonded to the semiconductor substrate and a nitride layer 5 
and has, outside an evaluating region 8 on the surface of the 
membrane an adhesion promoting oxide layer 6. On the adhesion 
promoting oxide layer 6 a metallic heating structure 9 and a 
temperature measuring resistance in the region of the heating 
structure, but not shown in FIG. 2, are arranged. On the heating 
structure 9 and the temperature measuring resistance, there is 
provided, further a cover oxide layer 11 for insulation. Within 
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the evaluating region 8, a metallic evaluating or electrode 
structure 7 with fingers interdigitating with one another, can be 
provided. On these structures a gas sensitive layer 20 is applied 
and can be heated by the heating structure 9 and its electrical 
resistance evaluated by the evaluating or electrode structure 7. 
With the aid of the temperature measuring resistance and a 
reference resistance also not shown in FI6. 2 and arranged on the 
massive structure 2, the operating temperature of the gas sensor 1 
can be monitored. 

As material for the metallic structures, the evaluation 
structure on electrode structure 7, the heating structure 9 and the 
texnperature measuring resistance, preferably platinum is used. 
This material is characterized by a high temperature coefficient of 
the resistance which on the one hand allows good adjustment of the 
heating power of the heating structure 9 and also the temperature 
of the gas sensor la to be measurable via the temperature measuring 
resistance with high precision. In addition, in platinum one has 
an inert material with a high chemical stetbility. 

By contrast with a gas sensor known from the state of the 
art, the evaluating or electrode structure 7 is disposed on an 
adhesion promoting layer 13 which is not sensitive to oxide 
etching, i.e., is unaffected by oxide etching. This adhesion 
promoting layer 13 which, for exaiqple, is comprised of silicon, is 
structured to correspond to the evaluating or electrode structure 
7 to avoid detrimental surface leakage currents between the 
individual electrode fingers of the evaluating or electrode 
structure 7 • The advantageous effect of the adhesion promoting 
layer 13 will be explained in connection with the following 
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description of the fabrication process of this gas sensor la in 
accordance with the invention. To begin, the semiconductor 
substrate 2 will be prepared and on its front side provided with 
the oxide layer 4 and the nitride layer 5 to form the membrane 
layer 3. The oxide layer 4 can for example be produced by a 
thermal oxidation of the semiconductor wafer 2 and the nitride 
layer 5 deposited with the aid of a CVD (chemical vapor 
deposition) • Then the adhesion promoting oxide layer 6 is formed 
over the entire area of the upper side of the membrane layer 3, 
possibly through a reoxidation of the nitride layer 5 effected by 
thermal conversion or by a CVD oxidation deposition. 

The adhesion promoting oxide layer 6 is then subjected to 
structuring by means of an oxide etching which provides an oxide 
free evaluating region 8 on the membrane layer 3. In the next step 
an adhesion promoting layer 13 which is not sensitive to oxide 
etching, i.e. is not removed by an oxide etching solution, is 
applied over the entire are of the evaluating region 8 on the front 
side of the semiconductor substrate 2 and is structurisd 
corresponding to the later formed evaluating or electrode structure 
7, for example with the aid of an ion beam etching process. 

Subsequently, a metallization layer is applied over the 
entire area to the front side of the semiconductor substrate 2 and 
in this metallization layer the heating structure 9, and the 
temperature measuring resistance outside the evaluating region 8 
are structured and the evaluating or electrode structure 7 within 
the evaluating region 8 is structured. This structuring can also 
be carried out by means of an ion beeua etching process. Thereafter 
the cover oxide layer 11 is applied by a CVD coating process over 
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the entire area to the £ront side of the semiconductor substrate 
2. In order to expose the surfaces of the evaluating or electrode 
structure 7, the cover oxide layer 11 is subjected to removal by a 
wet chemical etching process, for example with a hydrogen 
fluoride etching solution which is applied on an area wide basis in 
the evaluating region 8. 

Since the evaluating or electrode structure 7 is disposed 
on the adhesion promoting 13 which is not sensitive to this oxide 
etching, the danger of underetching of the evaluating structure or 
electrode structure 7 is avoided. In addition, no underetching of 
the adhesion prompting layer 13 can arise when, as illustrated in 
FIG. 2, the entire cover oxide layer 11 is etched away up to the 
nitride layer 5 of the membrane layer 3 since the nitride layer 5 
is also insensitive to the wet chemical oxide etching. The use of 
the adhesion promoting layer 13 ensures a secure adhesion of the 
evaluating of electrode 7 to the membrane layer 3 and thus a 
reliable functioning of the gas sensor la. In a subsequent method 
step, the semiconductor substrate 2 is etched away at its backside 
for exaiqple with the aid of a potassium hydroxide solution until 
the membrane layer 3 is formed, thereby forming the recess 21. The 
oxide layer 4 which has a greatly reduced etching rate by 
comparison with that of the semiconductor 2 functions in this 
case as an etch stop at which the etching process can be 
terminated. 

Finally the gas sensitive layer 10 is produced on the 
front side of the semiconductor substrate 2. The gas sensitive 
layer 10 is initially applied in a paste form, especially with silk 
screening or dispenser application and is then sintered. The gas 
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sensitive layer 10 can include doping agents which can make the gas 
sensor la sensitive to the detection of specific gases. It is also 
possible to apply the gas sensitive layer by sputtering processes 
or CVD processes and optionally to sinter it* 

Alternatively, it is possible to vary the aforedescribed 
method according to the invention for making the gas sensor la of 
the invention and illustrated in FIG. 2. For excunple, it is 
possible to remove the whole-area adhesion promoting layer 13 which 
is applied on the front side of the semiconductor substrate 2 
initially only outside the evaluation region 8 and then to 
structure it simultaneously with the evaluating or electrode 
structure 7. Also it is possible to apply the gas sensitive layer 
10 before the backside etching of the seiniconductor 2 as long as 
the gas sensitive layer 10 is securely protected against etching 
attack. 

The known problem of the state of the art of underetching 
the evaluating or electrode structure 7 during the fabrication 
process can also be avoided with a second embodiment of a gas 
sensor according to the invention illustrated in FIG. 3. With this 
gas sensor lb, differing from the gas sensor la illustrated in FIG. 
2, the adhesion promoting oxide layer 6 on the surface of the 
membrane layer 3 is not structured and is located in the evaluating 
region 8 below the evaluating or electrode structure 7. The cover 
oxide layer 11 also extends over the evaluating region 8 and has 
contact holes 12 which expose respectively only an intermediate 
region of the surface of the evaluating or electrode structure 7. 
In the production of this gas sensor lb, after the application of 
the membrane layer 3 formed from the oxide layer 4 ad the nitride 
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layer 5 on the prepared semiconductor substrate and after the 
deposition of the band promoting oxide layer 6 on the upper side of 
the membrane layer 3 a metallizing layer is deposited and 
structured correspondingly to form the heating structure 9, the 
evaluating structure 7 and the temperature measuring resistance. 

Thereafter the cover oxide layer 11 is deposited on the 
entire area of the front side of the semiconductor substrate 2. 
With the aid of a wet chemical etching process, the contact holes 
12 are then etched in the cover oxide layer 11, these contact holes 
lying only in an intermediate region of the upper surface of the 
evaluating or electrode structure 7 so that only this region is 
exposed and so that the surfaces of the electrode fingers of the 
evaluating or electrode structure on their sides remain covered 
with the cover oxide layer 11. In this manner the oxide etching 
solution cannot attack the adhesion promoting oxide layer 6 below 
the evaluating or electrode structure 7 so that a reliable 
evaluating or electrode structure is formed on the membrane 
layer 3. Thereafter, the backside etching of the semiconductor 
sxibstrate 2 is carried out on the gas sensor lb and the application 
of the gas sensitive layer to the front side of the semiconductor 
sxibstrate is carried out so that the gas sensitive layer 10 will 
also be received in the contact holes 12. 

The gas sensor lb according to the invention as shown in 
FIG. 3 has the drawback with respect to the gas sensor la 
illustrated in accordance with the invention in FI6. 2 that because 
of the tolerances between the masks required for the structuring of 
the evaluating structure 7 and for the etching of the contact holes 
only large spacings can be provided between the individual 
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electrode fingers. The gas sensor lb will be less sensitive since 
the greater the spacing between the individual electrode fingers, 
the greater will be the measurement resistance. On the one hand 
the resistance which is length dependent and measured between the 
electrode fingers will be greater while on the other hand fewer 
electrode fingers and thus fewer parallel circuits can be provided 
on a given area. 

The problem of the electrical drift is the consequence of 
a thermomechanical stress effect since the gas sensors la, lb in 
operation, work in a permanent cycling between ambient temperature 
and operating temperature which can give rise to a transformation 
of material within the metallic structures contributing to 
resistance changes. 

With the evaluating structure or electrode structure 7, 
the resulting resistance changes can be negligible because of the 
high measurement resistance of the gas sensitive layer 10. With 
the heating structure 9, however, which has a resistance which 
especially can lie in the ohm range, the resistance change gives 
rise to a significant alteration of the heating power and thus the 
operating temperature of the gas sensor la or lb. This also 
applies to the temperature measuring resistance which is arranged 
in the means of the heating structure 9 so that the exact 
temperature of the gas sensor la or lb may no longer be determined 
and such that a reliable and stable functioning cannot be ensured 
over the life of the gas sensor la, lb. 

The problem of electrical drift is largely suppressed in 
the third embodiment of the invention illustrated in FIG. 4 and 
which is based upon the embodiment illustrated in FIG. 3. 
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With this gas sensor Ic, a two layer cover oxide layer 11 
is used which in the region of the drift sensitive heating 
structure the temperature measurement resistance and its electrical 
lines comprised of a substoichiometric oxide layer 11a and which in 
the case of a silicon cover oxide layer is also comprised of a 
silicon rich oxide on which a purely stoichiometric oxide layer lib 
is arranged. This cover oxide layer 11 can for example be applied 
by whole surface deposition of the substoichiometric oxide layer 
11a on the side of the membrane layer 3 with the already formed 
metallic structures including the substoichiometric oxide layer 
structuring and subsequent whole area deposition of the 
stoichiometric oxide layer lib. The application of the two oxide 
layers 11a, lib is possible with the aid of CVD deposition 
processes. The substoichiometric oxide layer 11a is characterized 
by a relatively good bond to the heating structure 9 and the 
temperature measuring resistance and material transformation 
because of thermal stress effects within the heating structure 9 
and the temperature measuring resistance are largely suppressed. 
As a consequence, stable functioning over the life of the gas 
sensor Ic is possible. 

The stoichiometric oxide layer lib which is applied to 
the substoichiometric oxide layer 11a and the evaluating or 
electrode structure 7 and which as shown in the embodiment of FIG. 
3 is provided with contact holes has been found to be highly 
advantageous for the evaluating or electrode structure 7 with a 
sintering process for the gas sensitive layer 10 because of the 
high temperatures arising in this process, at the transition 
regions between the surfaces of the evaluating or electrodes 
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structure 10 cover by the oxide layer 11 and the surfaces which are 
exposed through the contact holes 12, different thermomechanical 
stresses arise which can induce material transformations within the 
evaluating or electrode structure 7 • The stoichiometric oxide 
layer lib which has a poorer adhesion to the evaluating structure 
than a layer comprised of a substoichiometric oxide couples a 
reduced thermal stress into the evaluating or electrode structure 7 
so that materia transformation in a sintering process within the 
evaluating structure 7 is less critical. 

Instead of the described embodiments a gas sensor 
according to the invention can be provided in an embodiment which 
is a combination of the embodiments shown in FIGS. 2 to 4. For 
ex€unple in the gas sensor la shown in FIG. 2 the cover oxide layer 
11 can be formed as a substoichiometric oxide layer in order to 
avoid the electrical drift by the heating structure 9 and the 
temperature measuring resistance. 

As a general matter it is also sensible, with a gas 
sensor having metallic structures sensitive to drift, to cover them 
with a substoichiometric oxide layer and at the transition regions 
between covered and exposed surfaces of the structure to use a 
stoichiometric oxide to increase the stability on sintering. This 
applies as well for example also for the conductors of the metallic 
structures and with which the use of stoichiometric covering oxides 
bounding on the known covered contacting surfaces is advantageous. 

The feature disclosed in FIG. 4, namely, the use of a 
substoichiometric oxide layer as a cover oxide layer for drift 
sensitive structures can also be employed as an independent feature 
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of a gas sensor. It is possible to use this feature for other 
sensors as well like for example air mass sensors. 
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